Costimulatory and antigen-presenting molecules are essential to the initiation of T cell immunity to mycobacteria. The present study analyzed by immunocytochemistry, using monoclonal antibodies and alkaline phosphatase-anti-alkaline phosphatase method, the frequency of costimulatory (CD86, CD40, CD40L, CD28, and CD152) and antigen-presenting (MHC class II and CD1) molecules expression on human lung cells recovered by sputum induction from tuberculosis (TB) patients (N = 22) and non-TB controls (N = 17). TB cases showed a statistically significant lower percentage of HLA-DR+ cells than control subjects (21.9 ± 4.2 vs 50.0 ± 7.2%, P < 0.001), even though similar proportions of TB cases (18/22) and control subjects (16/17, P = 0.36) had HLA-DR-positive-stained cells. In addition, fewer TB cases (10/22) compared to control subjects (16/17) possessed CD86-expressing cells (P = 0.04; OR: 0.05; 95%CI = 0.00-0.51), and TB cases expressed a lower percentage of CD86+ cells (P = 0.04). Moreover, TB patients with clinically limited disease (≤1 lobe) on chest X-ray exhibited a lower percentage of CD86-bearing cells compared to patients with more extensive lung disease (>1 lobe) (P = 0.02). The lower expression by lung cells from TB patients of HLA-DR and CD86, molecules involved in antigen presentation and activation of T cells, may minimize T cell recognition of Mycobacterium tuberculosis, fostering an immune dysfunctional state and active TB.
Introduction
One of the most intriguing aspects of tuberculosis (TB), a disease that kills over two million people every year (1), is the finding of a functionally down-modulated lung state despite a demonstrable Th1 type lung immune response (2, 3) . TB is also known to impair delayed type hypersensitivity reactivity to the tuberculin skin test and to induce diminished peripheral blood T cell proliferation and reduced IL-2 production (4-6). Proliferation and activation of T cells are initiated by binding of the CD3/TCR complex to costimulatory signals provided by the B7:CD28 family, CD80 (B7.1) and V.C.S. Flores-Batista et al.
www.bjournal.com.br CD86 (B7.2), and antigen peptides presented on MHC class II molecules (for a recent review, see Ref. 7) . Specifically, development of Mycobacterium tuberculosis-specific T cells and interferon-γ (IFN-γ) involves binding of MHC class II molecule/ mycobacterial antigen peptide to T cell receptors, along with CD80/86 coupling to CD28 and CD40 coupling to CD40L (8) . The ability to evade or suppress the host's immune response is a property of several pathogens, indicating that an immune evasion mechanism provides an advantage for the spreading and the persistence of infection (9) . Clinical and experimental data support the concept that active TB is dependent in part on a "shutting-off" of the host's proinflammatory immune response, with decreased production of IFN-γ and interleukin 12 (IL-12) concomitant with increased production of immunosuppressive cytokines, IL-10 and TGF-ß (2, 3, 10, 11) , that may alter the interaction of antigen-presenting cells with T cells. IL-10 was shown to diminish costimulatory molecules in vitro upon M. tuberculosis infection of monocytes-macrophages from healthy individuals (8) . Neutralizing endogenous IL-10 resulted in upregulation of CD86 expression on target cells from TB patients (8) . In vitro infection of human macrophages with M. bovis BCG and M. tuberculosis attenuated MHC class II surface expression (12) . Moreover, treatment of the infected macrophages with neutralizing anti-IL-10 antibodies restored the expression of class II molecules on cell surface (12) .
Prior study from our group demonstrated increased levels of IL-10 and TGF-ß in the bronchoalveolar fluid, as well as increased co-expression of TGF-ß receptors I and II by lung cells from TB patients (2) . We also showed that a culture filtrate protein of M. tuberculosis (designated as CFP32) was present in the sputum of TB patients whose level positively correlated with the amounts of IL-10 but not with IFN-γ (3). Moreover CFP32 is a potent inducer of IL-10 production by human monocytes in vitro (Huard RC, Weill Medical College of Cornell University, New York, USA, personal communication). The promotion of IL-10 secretion by M. tuberculosis may ultimately function as an evasion strategy, favoring the development of a relatively down-modulated lung milieu. In summary, it is possible that by direct M. tuberculosis infection or by indirect paracrine immunosuppressive cytokines, M. tuberculosis will foster lower expression of surface costimulatory and antigen-presenting molecules.
Therefore, we investigated whether active TB is also associated with diminished expression of costimulatory (CD86, CD40, CD150 (CD40L), CD28, and CD152 (CTL-4)), and antigen-presenting (MHC class II DR and CD1a) molecules by lung cells and, if this is the case, uncontrolled proliferation of M. tuberculosis and active disease are favored. We compared lung cells recovered from patients presenting active pulmonary TB, from patients with pulmonary diseases other than TB and from healthy control individuals.
Patients and Methods

Study design and ethics
A case-control study was performed. Ambulatory patients were recruited at the Chest Clinics of the Institute of Thoracic Diseases, Clementino Fraga Filho University Hospital, a Brazilian national reference center for TB and AIDS. From June 1998 to March 2001 40 subjects (TB, N = 23; non-TB, N = 17) were enrolled in the present study. Patients were referred to the pulmonary services for TB diagnosis by induced sputum because of epidemiological and clinical factors, abnormal roentgenograms, inability to produce spontaneous sputum for microbiological diagnosis, or having a negative Ziehl-Nielsen staining for acid-fast ba-cilli in spontaneous sputum. Excluded were patients with HIV seropositivity, diabetes mellitus, cardiac failure, liver failure, renal failure, chronic obstructive pulmonary disease, current use of corticosteroids, immunodepressive agents, or anti-tuberculous therapy for more than 1 week. Twenty-three patients with culture-proven pulmonary TB were enrolled; 1 TB patient was excluded from the final data analysis due to positive HIV-1 serology. Thus, the final study group consisted of 22 patients, 13 males, aged 17 to 58 years (mean: 33.91 ± 2.2 years). A control group of 17 subjects (9 males, 19-70 years old (mean 35.82 ± 4.5)) composed of healthy volunteers (hospital staff, students and others, N = 10) and patients with non-TB pulmonary diseases (respiratory tract infections, N = 6, and lung cancer, N = 1) was also studied. All participants agreed to take part in the study and signed informed consent forms. The University Hospital Institutional Revision Board approved the study.
Clinical, radiological, and bacteriological data
After signing informed consent, the subjects answered a standardized questionnaire on symptoms and signs related to their conditions, were submitted to a chest X-ray, blood tests, including HIV serology, and sputum induction.
Sputum induction and processing
Sputum was induced as described by Pin et al (12) . Briefly, patients were pretreated with 200 µg inhaled salbutamol to inhibit airway constriction. Hypertonic saline (3%) aerosol was administered to patients and healthy controls during two periods of 10 min each using an ultrasonic nebulizer (De Vilbiss, London, UK). After each inhalation period, subjects were asked to blow their nose, rinse their mouth, swallow water (to minimize contamination with postnasal dripping and saliva) and finally, to expectorate into a sterile container. At the end of the procedure, peak flow measurement was performed and any fall in peak flow was recorded. In case of bronchospasm the nebulization was interrupted and bronchodilator drugs were administered. The resulting sputum was processed within 2 h. Half of the sputum was sent to the Mycobacteriology Laboratory for routine diagnosis: ZiehlNielsen staining, microscopic examination for acid-fast bacilli and culture in Lowenstein Jensen medium. All positive cultures were tested by biochemical methods and drug sensitivity was determined by the proportionate method (13) . For the second sputum aliquot, the dense and viscid portions free of salivary contamination were placed in a 15-mL conical polystyrene tube (Falcon 2097, Becton Dickinson, Franklin Lakes, NJ, USA), mixed and treated with a 0.1% dithiothreitol in distilled water (Sigma, St. Louis, MO, USA) to dissociate disulfide bonds in mucus. This mixture was vortexed for 15 s and further mixed by gentle aspiration in and out with a Pasteur pipette. The contents in conical tubes were rocked for 15 min in a bench rocker to which 4 volumes of phosphatebuffered saline were added, and further rocked for 5 min. The cell suspension was centrifuged (1500 rpm, 20 min at 4ºC; Becton Dickinson) and the cell pellet was further washed twice in phosphate-buffered saline each time after cell resupension. Total leukocytes were counted with a Neubauer hemocytometer. Cell viability was determined by Trypan blue exclusion. The total recovered cells numbered from 5.3 x 10 6 to 1.4 x 10 7 and viability was >80%. The lung cells were suspended at 1.0 x 10 6 per mL. Cytospins containing ≥5 x 10 5 were prepared on slides coated with poly-L-lysine (Sigma), by centrifugation (Cytospin 3, Shandon, Astmoor, UK), and air dried. Differential cell count of at least 200 nonsquamous cells was performed on slides stained with May-Grünwald-Giemsa (Laborclin, Campinas, SP, Brazil). 
Immunocytochemistry
Cytospins were fixed in cold acetone for 10 min, air dried at room temperature, wrapped in plastic film, and kept at -20ºC prior to use. Alkaline phosphatase-anti-alkaline phosphatase staining was performed using the following primary monoclonal antibodies: CD1a (dendritic cells), HLA-DR (MHC class II) both from PharMingen/ Becton Dickinson (Franklin Lakes, NJ, USA), CD86 (B7.2, costimulatory molecule), CD40L (CD154, costimulatory molecule), both from Dako AS (Glostrup, Norway), CD40 (costimulatory molecule), CD152 (CTLA-4, costimulatory molecule), both from Santa Cruz Biotechnology (Santa Cruz, CA, USA), CD28 (costimulatory molecule), from R&D Systems (Minneapolis, MN, USA). After 1-h incubation, the slides were washed in Tris-buffered saline, followed by anti-rat immunoglobulin rabbit Ig (D455, Dako A/S, Glostrup, Denmark) and by alkaline phosphatase-streptavidin AP (D0396, Dako). The reaction was developed with the substrates Fast Red TR and naphthol AS MX phosphate (Sigma) and light hematoxylin counterstaining. Negative controls were generated by substituting the primary antibodies for Tris-buffered saline. Slides were stained, coded and read in a "blind" fashion. Positively stained cells (pink to red color) were counted in at least 10 fields at a magnification of 400X, with enumeration of ≥200 cells. The results are reported as number of positive cells per total number of macrophages or total number of cells counted on the slide.
Statistical analysis
Statistical analysis was performed with the GraphPad Prism 4 software (GraphPad Software, Inc., San Diego, CA, USA). The Student t-test was used for comparisons between TB cases and controls for parametric data and the Mann-Whitney test for nonparametric analysis. The Fisher exact test was used when the expected value was less than 5. Level of significance was 5%.
Results
Twenty-two pulmonary TB cases and 17 non-TB controls were studied (healthy volunteers, N = 10, and patients with non-TB pulmonary diseases (respiratory tract infections that were cured by short-course antibiotics, N = 6, and primary lung cancer, N = 1). The demographic and clinical characteristics of the case and control groups were similar except for a past history of asthma and allergy (Table 1) . Table 1 also describes the radiologic and bacteriologic findings. TB cases were further subdivided into "limited disease" or "extensive disease" defined as lung involvement of less than one lobe or more than one lobe, respectively, on chest X-ray at first medical visit; as having cavitary or non-cavitary disease by the presence of cavitation, and as having low or high mycobacterial load (defined as ≤20 colonies or >20 colonies in the culture media). 
Lung cells obtained by the induced sputum technique for evaluation of immune cell markers
The volume of induced sputum, cell yield and differential cell counts are described in Table 2 . Significantly lower percentages of macrophages and higher percentages of neutrophils were present in sputum from TB cases than in controls. The cell yield and low percentage of squamous cells suggest the utility of induced sputum for studying lung immune response in pulmonary TB. Figure 1 shows the percent distribution of positive cells in the two study groups related to total cell or to total macrophage numbers. A statistically significant lower percentage of cells possessing HLA-DR was found for both total lung cells and lung macrophages among TB cases. However, the proportions of cases and controls having HLA-DR-positive cells were similar, 18 of 22 among TB cases and 16 of 17 among control subjects. Further analysis of HLA-DR expression in TB cases by extent of disease (limited versus extensive (≥1 lobe)), by lung cavitation, and by mycobacterial load on culture plates (<20 or ≥20) showed no statistically significant differences. In a similar analysis, CD1a expression was similar between TB cases and controls (Table 3) .
Expression of antigen-presenting molecules revealed that MHC class II HLA-DR are diminished in tuberculosis patients
Expression of the costimulatory molecule CD86 (B7.2) is decreased in tuberculosis patients
Fewer TB patients expressed detectable CD86-positive cells, 10 of 22 versus 16 of 17 control subjects (P < 0.042). Figure 2 shows the expression of CD86 by total lung cells or by macrophages. TB cases showed a statistically significant lower CD86 expres- Figure 2C shows that patients with limited TB (<1 lobe) exhibited a significantly lower CD86 expression by lung macrophages (P = 0.021). However, no statistically significant difference was observed for CD86 expression when TB cases were analyzed by presence of cavitary disease or by bacillary load. CD80 could not be evaluated because of an insufficient number of slides containing cytopreparation of cells from TB patients and controls. In contrast to CD86, other costimulatory molecules evaluated, CD40, CD150 (CD40L), CD28 and CD152 (CTL-4), failed to show differences between TB cases and controls (Table 3) .
Discussion
Experimental models of M. tuberculosis infection have advanced our understanding of the pathogenesis of TB, shedding light on host resistance/susceptibility mechanisms, mycobacterial virulence factors and evasion strategies. Nevertheless, neither in vivo nor in vitro animal models of TB mimic human disease. Therefore, understanding TB still requires studies on human or non-human primates. It is noteworthy that the majority of the studies conducted on humans have used cells from peripheral blood or pleural effusion. These studies may not mirror the immune response in the lung, the site of direct host and M. tuberculosis interaction in over 80% of TB cases.
Investigation of the lung compartment is hampered by the relative inaccessibility of the lung parenchyma. Bronchoalveolar lavage, considered to be the gold standard for these analyses, is expensive and invasive, and is associated with occasional serious adverse events. Despite these serious limitations, our group has extensively used bronchoalveolar lavage to investigate lung immune responses in human TB (2, 14, 15) . Alternatively, induced sputum has proven ability to enhance the culture diagnosis of pulmonary TB even in the case of pleural disease (16, 17) . Previous studies using induced sputum have suggested its usefulness in the . One result for the controls was equal to zero and is not shown. C, TB patients were segregated by extent of disease on chest X-ray: limited (<1 lobe involvement) and extensive (>1 lobe involvement). *P < 0.05 compared to controls in A and B and to limited disease in C (Student t-test) .
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Costimulatory and antigen-presenting molecules in TB www.bjournal.com.br study of lung inflammation and TB (3, (18) (19) (20) . The application of this technique is a valuable strategy for the investigation of TB pathogenesis because of its safety, noninvasive nature, lower cost, and its ability to obtain sufficient viable lung cells from the diseased portion of the lung. Human TB is amongst several diseases in which an altered balance in the Th1-type and Th2-type immune response is thought to foster active disease. Studies of the peripheral compartment of cells have found suppressed T cell proliferation, reduced IL-2 production, and impaired delayed type hypersensitivity reaction to the tuberculin skin test (4) (5) (6) . Among the proposed contributory mechanisms to this down-modulated lung immune state is that M. tuberculosis antigens act either directly or via a paracrine effect by the promotion of excessive "antiinflammatory/down-modulatory" cytokines such as IL-10 that diminish antigen presentation and/or co-stimulation (8, 21, 22) . IL-10 has been shown in vitro to diminish costimulatory and MHC class II molecule expression on peripheral blood immune cells (8, 12) . Alternatively, excessive apoptosis of CD4+ T cells due to low expression of Bcl-2 and excessive expression of TGF-ß, Fas ligand, and TNF-α may further contribute to the immune dysregulation (23) . Our previous study in the lung bridges the two concepts. First, we identified increased amounts of IL-10 and bioactive TGF-ß, as well as increased co-expression of TGF-ß receptors I and II required for a cell response to TGF-ß (2,3). Second, we noted in the lung of patients with active TB detectable levels of CFP32, an M. tuberculosis-specific antigen that positively correlated with amounts of IL-10 but not IFN-γ (3). However, we did not examine in these patients whether expression of antigen presentation and costimulatory molecules were disturbed in active TB. Our present results revealed that active TB is associated with significantly lower expression of antigen presentation and costimulatory molecules, MHC class II HLA-DR and CD86. Both molecules (MHC class II and CD86) play pivotal roles in T cell activation and differentiation through the presentation of antigen peptides to T cell receptors and the concomitant co-stimulatory signaling (7, 24, 25) . Therefore, our data on lung immune cells during active TB provide the in vivo missing link for many in vitro mechanistic studies, in which attenuation of MHC class II expression by mononuclear phagocytes infected with virulent M. tuberculosis has been described in past years to involve several mechanisms (26, 27) . M. tuberculosis molecules, such as 19-kDa lipoprotein, antigen 85B and LpsG, interfere with the production of MHC class II molecules in the phagosomes of macrophages and dendritic cells (21, 28, 29) . The 19-kDa lipoprotein was also shown to selectively inhibit IFN-γ-induced class transactivator expression to diminish MHC class II expression (30) . Both IFN-γ and IL-10 also play a role in MHC class II. Inhibition of IFN-γ by up-regulation of histone deacetylation in the promoter region of the IFN-γ gene leads to attenuation of MHC class II expression in M. tuberculosis-infected macrophage-like cells (31) . M. tuberculosis-induced IL-10 secretion leads to inhibition of cathepsin S, resulting in lower export of peptide-loaded class II molecules to the cell surface and diminished antigen presentation (12) . Furthermore, Chang et al. (32) , using mathematical modeling, concluded that M. tuberculosis utilizes multiple mechanisms to interfere with antigen presentation, allowing a continuous inhibition of MHC class II antigen presentation to effector cells.
The growing numbers of pathways in the B7:CD28 family provide second signals to activate, inhibit, and fine-tune T cell responses (7, (33) (34) (35) . These distinct outcomes may occur in part by sequential CD80/CD86 interactions with either T cell CD28 or CTLA-4 (full-length) (34) , or may be conferred by whether the CD4+ T cell is in the resting or activated state (25) . In murine TB, two studies correlated lower levels of CD86 expression with persistence of M. tuberculosis or disease progression (22, 36) . Garcia-Romo et al. (37) found delayed expression of costimulatory molecules by dendritic cells in mice mediastinal lymph nodes after intratracheal infection by M. tuberculosis, leading to delayed adaptive immune responses and progression to disease in the lung. The present results found diminished CD86 expression in human lung cells and specifically in macrophages during active pulmonary TB. This is one of the earliest human in vivo results to confirm the prior reports on murine TB (22, 37) . In one other study of costimulatory molecules in human TB, Soler et al. (38) failed to show differences in the expression of CD80/CD86 costimulatory molecules in tubercle granulomas caused by M. tuberculosis. This finding is in apparent contrast to our current findings. However, on close inspection, even though we observed an overall diminished CD86 expression by all cells, the most significant decrease was seen in patients with limited disease (≤1 lobe). We interpret these findings to suggest that diminished CD86 expression occurs preferentially in earlier stages of clinical TB and might contribute to disease establishment and progression in the lungs. Down-modulation of CD86 becomes less apparent with advanced disease or in contained infection, as in the case of the tubercle granuloma.
In conclusion, our ex vivo findings indicate that HLA-DR and CD86, key elements for antigen-specific T cell immune responses against M. tuberculosis, are diminished on the lung cells of pulmonary TB patients. Decreased expression of HLA-DR and CD86 on the surface of lung immune cells of TB patients might result from direct cell infection by M. tuberculosis or from a response to antigens released by M. tuberculosis, or may be indirectly mediated by immunosuppressive cytokines, IL-10 and/or TGF-ß promoted by M. tuberculosis. The diminished levels of HLA-DR and CD86 molecules on lung immune cells of TB patients may limit T cell immune responses that, in turn, favor M. tuberculosis persistence and progression to active disease.
